. Therefore, we trap screening and, subsequently, subjected to wholemount in situ hybridization screening and sequencing. examined the effects of Tiarin overexpression on regional neural markers along the D-V axis. When Tiarin Nine clones containing a signal-sequence portion exhibited a neural-specific pattern (see Experimental ProcemRNA was injected into the two left animal blastomeres of the eight cell embryo (400 pg/cell; coinjected with dures). We were particularly interested in a cDNA clone expressed in the anterior head region and named it TiLacZ mRNA as a lineage tracer), it caused unilateral expansion of the dorsal CNS markers Zic-r1 (100%, n ϭ arin, as its expression pattern in the neurula was reminiscent of a "tiara" worn on the head. Figure 1C, lanes 2 and 3) ion, as expected from its molecular nature (Figure 1) . pan-neural marker nrp-1 (100%, n ϭ 22; Figure 5W ), consistent with the fact that Chordin is a secreted proWe prepared two groups of animal caps at early gastrula stage. Caps injected with or without Chordin mRNA (cap tein (Piccolo et al., 1996) . Also, Etr-1, a ventral marker of anterior CNS, was induced at a high level in the conju-1), and caps injected with LacZ mRNA alone or LacZ ϩ Tiarin mRNAs (cap 2). Then, a cap 1 and a cap 2 were gates with a Chordin-injected cap 1 (100%, n ϭ 22; Figure 5X ), but not in those with control cap 1 (n ϭ 20; recombined and co-cultured for 16 hr ( Figure 5U ). Recombinants of a control cap 1 and a LacZ-injected cap data not shown). When a Chordin-injected cap 1 was conjugated with a LacZ ϩ Tiarin-injected cap 2, the 2 did not express significant levels of the pan-neural marker nrp-1 (n ϭ 20; Figure 5V ; brackets show the ventral marker Etr-1 was suppressed both in cap 1 and cap 2 regions (100%, n ϭ 20; compare panels X and Y), cap 1 portions in the recombinants). When a Chordininjected cap 1 was conjugated with a LacZ-injected cap indicating that Tiarin expressed in cap 2 inhibited Etr-1 expression in cap 1. The pan-neural marker nrp-1 was 2, both portions (caps 1 and 2) became positive for the show that Tiarin can antagonize the ventralizing activity of Shh in the neuralized animal cap.
The findings above raised a question regarding Tiarin Antagonizes the Ventralizing Effects of Shh Tiarin and Shh have opposing activities: dorsalization
whether the dorsalizing activity of Tiarin was simply due to inhibition of endogenous Shh activity. This question and ventralization, respectively. We therefore tested whether Tiarin could override the ventralizing activity of is hard to answer in vivo as Tiarin overexpression suppresses Shh transcription itself in the floor plate (Figures Shh. In animal caps that were neuralized by Chordin, moderate levels of the dorsal marker Zic-r1 were de-4H and 4J). Therefore, we used the animal cap assay to address this question. As shown in Figures 5A-5H , tected (91%, n ϭ 22; Figure 6B ), while the ventral midline marker Kielin was not (n ϭ 24; Figure 6F ). Coinjection the dorsalizing activity of Tiarin was clearly observed in Chordin-injected animal caps. We then asked whether of Shh suppressed Zic-r1 (strong staining 0% and only faint staining, n ϭ 22; Figure 6C ) and induced Kielin Shh signals functioned in this system or not. We did not detect significant levels of Shh or Ptc (a downstream (100%, n ϭ 23; Figure 6G ). Injection of Tiarin significantly induced Zic-r1 (strong staining 96%, n ϭ 25; Figure 6D 
Experimental Procedures
The double axis formation assay was performed as described previously (Sokol et 
